SEUTTLE CRITICAL ITEMS LIST -~ ORBITER

.ma!sm s ACTUATION MECH=-PID A No €2-4B -201 -1 REV:Q3/08/28
ASSEMBLY :PBD ACTUATION - ‘CRIT. FUNC: 1R
B/N RT  {MCLE2-0008-0004, =0034 | CRIT. HEDW: - 2
B/N VENDOR:131650~1 CURTISS=WRIGHT VERTCLE 162 103 - 104
QUARTITY -:4 EFFECTIVITY? T X x

.2 PEA DOOR ASSEMELY - DHEASE(S): PFL X0 ©Of DO IS
| RECUNDANGY SCREEN: A~PASS B-PASS C-PASS
PREPARED BY: AFPROVED BY: AFFROVED BY (NASB);
DES M. A. ALLEN DES, - BSM o .
REL, M. B. MOSKOWITZ BEL J HEL
o W. J. SMOTH QE L7

TR '
MOTOR, ACTJATOR DRIVE

FUORCTION:
ToO FROVIDE BOWER, THRAUED DIFFERENTIAL GEARING, FOR TRANSMTISSION TO THE
TOWER DRIVE SHAFT FOR DEFLOYING THE PAYLOAD BAY DOORS TO FOSITION.

FATIORE MODE: : )
1G85 OF OUTPUT - _ ]

: SE{S)* °
CONTAMINATION/FOREIGN OBTECT/CEERLE, DEFECTIVE FART/MATERIAL QR
CTCRING DEFECT, ELECTRICAL FAILORE- OFENW, SHORT, ETC., FAILURE/
DEFLECTION OF INTERNAL PART, ERARE FAILS TO DISENGAGE

E¥FECTS ON: . .
(A) SUESYETEH [H)IRTERFACES (C)MISSION {D) CREW,/VEHICLE

(A,B,C) KO EFFECY.

(D} HEDDHDANT MOTOR DRIVES DCOR OFEN OR CLOSED. ACTUATION TIME DOUBLED
WITE SINGLE MOTOR OFERATION. LOSS OF SEOOND MOTOR RESULTS IN LOSS OF
DRIVE SYSTEM CAPABILITY TO OFEN OR CLASE PAYLOAD RAY DOOR. FOSSIBLE IQSs
OF CREW/VEHTSLE IF PAYLOAD RAY DOORS CANNOT BE CLOSED. - -

DISFOSITION & RATIOHALE: ’ . .
 (A)DESTEY (B)TEST (C)INSPECTXICN (D)FAILDEE HISTORY (E) OPERATIONAYL USE

(A} UESIGN -
MOTORS HAVE CAPABTTITY FOR OPERATING WITH 2 OF 3 PHASES. MOTOR WITH-
STANDS DIELECTRIC CHECE OF 1,000 VRMS FOR 60 SECONDS IN ACCEPTARCE TEST
FROCEDURE (ATF] AND SURSEQUENT CHECRS AT 750 VRMS, IR 15 50 MEGOENS
MINOTES AT 500 VDC. MOTOR WINDINGS ARE ENCAPSULATED. LIMIT SWITCHES ARE
' HIGH RELIABLE PARTS. DESIGN OF THE ACTUATION SYSTEM PERMITS FARTIAL
WCORKAROUND ©F SECOND FAILURE {SEE EFFECTS) BY EXTRAVEHICULAR ACTIVITY
A{EVA} CREW IP PAYLOAD DOES NOT LIMIT ACCESS. - P Lt T
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SHUTTIE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM ACTUATION MECH~FED FMEA MO 02-43 =203 -1 REV:03/08/88
{8} TEXT

QUALTFLCATIEN TEST$: THE QUALIFICATION DRIVE SYSTEM IS CERTIFIZD PER CR-
35-,-1¢:-‘ﬂ¢¢a-nnnu AND THE QUALTFICATION ACTUATION MECHBAMISM INSTALLATION
CERTIFIED DER CR-29-594125-001G, THE DRIVE SYSTEM QUALIFICATION TEST -
INCIODES: HOMIDITY TEST ~ PER MIL-TD-810B METHOD 507 PROCEDURE IV,
CvoLE POU DURLZIG SECOND AND FOURTH HUMIDITY CYCLE; QUALIFISATION
VIBRAOIOH TEST (GAVT) = 20 TO 2,000 EB RANGE WITH MAXIMUM OF 0.067 g2/HZ
FRAM S0 TO 350 EZ FOR 3 1/3 MINUTES/AXIS IN ACCORDANCE WITH SP-T=00238,
HONTTOR ELECTRICAL CONTINOIZY DURING VIBRATION; FLIGHT VIBRATION - 20 T3
2,000 HZ PANGE WITH MAX OF 0.03 ga/HZ TRGH 100 TO 250 H2 FOR 4.5 MINUTES/
AYTE LEVEL "aA®, aND 0.008 g2/HZ FROM 100 Ta 250 B2 FOR 94 MINUTES/AXI3
TEVEL "B": SEQGK TEST ~ BASIC DESIGH SHOCK PER MIL-8TD-8108 METHOD.316.%,
FROCEDURE I AND TRANSIENT SHOCK AT 5 TO 33 HZ +/- 0,235 g PEAR.

QUAL TESTS ALSO INCLUDE: THERMAL VACUUM TEST - THERMALLY CYCLED 5 TIMES
BETWEEN -100 DS F AND +1§7 DEG ¥ AT A VACUUM OF 1 X 19 -§ TORR POR 55
BAURS, DRIVE SYSTEM CYCLED AT EACH ~68 DEG F AND +157 DEG FP; THERMAL
CYCLING TEST - CYCIED 5 TIMPEY BETWEEN -100 DEG F AND +340 DRG F WLTH -
DRIVE SYSTEM CYCLED AT EACH -100 DEG F AND #157 DEG F WITH &0 HINUTES
CWELL AT BACH TEMPERATURE EXTREME; OPERATING LIFE TEST - DRIVE SUYSTEM
CECLED 1,800 TTMES AT ROOM TEMPERATURE, INCLOGES MOTOR 1 AND 2 CYCLED 150
TINES EACH INGIVIDUALLY WITHIN 126 SECONNS/STROKE AND 1,500 TIMES WIIH
SOTH MOTORS DRIVING TOGETHER WITHTN 63 SECONDS/STROFE: MECHANICAL STOPS
TEST - 100 TTMES WITH BOTH MOTORS INTC BARD STOP IN EACH DIRECTION AT MO
10ADS) STIFFRESS TEST - MEASURED SFRING RATE OF ROTARY ACTUDATOR, TORQUE
SHATT, PDU ANMD SEAFT HANGER — GREATER THAN 9.% X 10 —5 INCH-~LE/RADIAN AT
ROTARY ACTUATOR ARM); POWER CONSUMFTION TEST, IRREVER3SIBILITY TEST,
FREEPLAY TEST WAS 'CONDUCTED A8 DEFINED IK THE MICEPTANCE TESTS.

CENPIFTOATION BY AMALYSTS/SIMILARITY INCLUDEDL: FUNGTS, OZ0HE, FACRACING,
LIMIT/ULTIMATE LOAD, ACCELERATIUHN, 1AYDING SECOCE, SYSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, FRESSURE, SHOCK ARD YIERATION FOR JTEM3 OF
DRIVE SYSTEM NOT TESTED. TEE PPD ACTUATING MECTANISM INSTALIATICN WaS
SURJECTED T0 SYSTEM QUALIFICATION TESTS ON TEE 15 FooT PBD TEST ARTICLES

.(ORT) AND ON A 50 FQOT TEST RI4, TESTA INCLOUDED: ACCEPTANCE = TO CONFIEM

ALL COMPONERTS HAVE BEEN ASSEMPALED AND RIGGED PER MLO303-0032 o THRIE
TEST SPECIMENS. '

TESTA ON FORWARD 1o FOOT PAMZL INCLODED: ORAITAL FOUNCTIONS - 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTICNI OF THE FORWARD BULKHEAD ANT
THE LH AND RE LONGERON SILLS, 2 MOTOR GPERATIONS 23 SYCLES AT LESS THAN
43 SECORDS PER STROYE, EAGE MOTCR OFERATION 3 CYCLES AT LESS THAN 136

 SECONDS/STROEE FOR EACH OF THE 3 ORSBLTAL, FUNCTIONS; OPERATING LIFE TESTS

- PED MECHANISM CY¥CLED 93 TIMES, 55 TIMES WITH THO HOTOR COPERATION AND

1% TIMES WITH ATINGLE MoOTOR CODERATIONS: ACOQUATIC TEZST = 25 HI TO g,000 HI
FOR B MINUTES. )
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SHUTTLE CRITICAL ITEMS LIST ~ ORAITER

STRAYSTEM :ACTUATION MECH=-PBO FMER MO D2=4B =203 -1 REV:03/Q2/33

TESTI AN AFT 15 FOOT FANEL INCLIDED: ORBITAL FUNCTIONS = 3 THERMAL
CONDITICHS WITH SIMULATED TEERMAL DISTORTICNS OF THE APT EULFHEAD AWND THE

LH AND RH LONGERON ATEL, 2 MOTOR QPERATIONS 27 CYCLES AT LESS THAN §3
SECONDE/8TROKE, PACH MOTOR COFERATION 3 CICLES AT LESS THAN 126 :
SECONDS/STROKE FOR EACH OF THE ] ORBITAL PUMCTIONS: OPERATING LIFE TE3TS'

= MECHANISM CYCLED 243 TIMES 20% TIMES WITH THO MOTOR OPERATION AKRD 19 -
TIMES WITH SINGLE MOTOR OPFRATIONS; ACOUSTIC TEEST -~ 25 HZ TO 6,000 HZ

FOR 5 MIRUTES.

TESTS o 60 FoOT TEST RLG INCLIDRD: AMBIENT CYCLING — 3 THERMAL
CONDITIONS WITH TEERMAL DISTORTIONS oF THE SILL LONGERGH, 2 MOQTOR
OPEFATIONS 22 CYCLES AT LE33 THAN 63 SECONDS/STRORE; 10 WITHOOT
DISTORTION SIMILATION! EACH SINGLE MOTOR OPERATION 3 WITHQUT DISTORTION
Al & WITE DISTORTICON AT LESS THAN 124 SECONUS/GTROKE; TEMFERATURE
CYCLING - 3 THERMAL CONDITIONS WITH THEERMAL DISTORTISNS OF TEE SILL
LONGERON, 31 MOTOR OPERATIONS 22 CYCLES AT -42 LDEG F AT LESS THAN 63
SECONDS/STROKE: 10 WITHOOT DISTORTIOR SIMULATION, IACE SINGLE MOTOR
OPERATICN 1 WITHCUT DISTORTION STMDLATION AND WITH GDISTORTION AT LESS
TEAN 138 SECONDI/STROFE AT -42 CEG Fr ORBITAL FUNCTIOHAL TEST = REPEAT
THE ABOVE AMBIENT AND =42 DEG F TESTS FOR A TOTAL OF 30 MECHANISH
CYCTLES., CERTIFLICATICH BY ANALYILS/SIMILARITY INCLUDES FURGUS, QIZONE, .
PACFAGING, THERMAL/VACTUM, SALT SPRAY, ACAUSTIS, JHMOH, mmfummmz
LRADS, AQCELERATION, Sm}ﬂﬂ'ﬂ'! AND MARATH OF SL‘?ET"I ;

AQCEFTANCE TEST: TESTS ON THE ME1£2-0408 COMPONENTS mcmzs- e .

EXANINATION OF PRODUCT - WEIGET, WORFMANSHIP, DIMENSIONS, COMESTRUCTISN,
CLEANLINESS, FINISE, IDENTIFICATION, ms TRACEAHILITY AMND OSE OF
CERTIFIED MATERIALS AND PROCKSSES: ACCEETANCE VIRRATIOM {AVT) = 20 TO
2,000 HZ RANGE WITH MAXIMUM QF 0.04 &</G2 PROM 30 TO 350 EZ FOR a0
SECONDS/AXTE MINIMDOM, ELECTRLCAL CONTINUITY MONITORED DURING TESTS AND
POU CYCLED BEFURE AND AFTER VIERATION) ACCEPTANCE THERMAL TEST (ATT) =
THERMALLY CYCLED FROM +70 OEG F 10 +329 0BG P, TD +157 BRG P, TO -30 DEG
¥, TO +320 DEG F, TO +157 OfE P, 10 70 D2 F WITH CONTINUITY MONTITORED
TEROUGHAUT, FDU WAS CYCLED & TIMES AT ERCH +157 DEG F AND 6 TIMES AT ~B0

CEG F AT LESZ TEAN &) SECONDS/STRONE 1HO MOTOR OFERATIONS AND 136
EBCONDE/STROKE SINGLE MOTOR CEERATIONS: DOWEIR QOXSUMPTION TESTS ~INFOT
FOWEE MAX OF 450 WATTS/MOTOR AT RATED LORD AND STNGLE MOTOR TIME OF 126
SECQNDE/STRCEE AND €3 SECANDS/STROKE DUAL MCTOR QOFERATICN) INSTLATION
RESTATANCE, DIBLECTRIC STRERGTH - EEL MPOOO4=002 EXOEST TEST VOLTAGE WAS
780 VRHMS, CYCLING TEST = SINGLE MOTOR DRIVE 20 CYCLES ‘RACH AND DOUAT
MOTCRS 4¢ CYCLES. FREEPLAY TEST — MANINDH OF 1.0 DEGREES WITH 10 IN LES
HEVERSING TORQUE ON EACE ACTUATOR; ACTUATCR STALL - CAMTINUGIE STALL FoR
126 SECONDS AT FULL INVERTOR FOWER 120 VOLTS AC.



SHUTTLE CRITICAL ITIMS LIST - ORRITER -
SUBSYSTEM tACTUATION MECH-PED FMEA KO 02-4B =203 =1 REV:03,08/88

ACCEPTANCE TESTS ALSC INCINUDE: IRREVEREIBILITY TEST -~ 640 INCTD-L3 AT POU
QUTFOT SHAFT); TRAVEL LIMIT TEST = ACTUATUR STOFPED BY LIMTT SWITCHES AND
BY HARD STOPS WITH SWITCHES UEENERGIZED; MANUAL OPERATIONS = LESS THAN
100 INCH-LB TORQUE Ta ENGACE AND DISEMGACE THT PDU: BACELRIVE - FORGE AT
ACIURTCH OUTFUT ARM BUD ATTACH POINT LESS THAN 150 POUNDS: TORQUE LIMITS -
= RDTARY ACTUATOR OUTEUT LIMTTE AT ROOM AMBIENT ART &,300 TO B,950 IM&H=-
LB, OUTFUT LIMITS AT +1S7 DEG ¥ AND -£5 DEG F ARE 5,200 TO 10,0090 INCH-
LE: PROOF LOAD TESTS - 3/4 0.D. DRIVE SEAPTS TESTED TO 325 INCE-LE AND
1.0 0.0, DRIVE SHAFTS TESTED TC 650 INCHE-LB: FRTICTTOM TORQUE TEST -
TCRQUE ON SHAFT SUPPORT 15 LESS THAN 1.0 INCE-LE., EACH TOROUE SHAFT IS
PROUF LOADED DURING ACCEPTANCE.

OMRSD! CROUND TURNAROUND INCLUDES SINGLE MOTOR FUNCTIONAL TESTS TN BOTH
DIRECYTIONE VERIFY INTEGQRITY aF INDIVICUAL ERAEF CFERATICH.

(&) INSPECTION

RECELVING INSFECTION

MATERTAL CERTITICATION VERIFIED BY RECEIVING INSPECTION. SUGPLIER AND
SUPPLIER FERSONNEL SERTIFIED TO PERFORM SURFACE FINT$H. ALL DURCHASED
PARTS DATA PACKAGES INSPECTED BY RECEIVING INSFECTION.

CONTAMINATICON CONTROL

BERRTNGS INSFECTED PRIOR TO INSTALLATION -FOR CONTAMINATION. - DETATL PARTS
ARE CLFANED TO A 300 LEVEL AT ${UPPLIER. SUPPLIER CONTAMINATION CONTRAL
AND CORROSION PROTECTION PROVISTONS VERIFYED BY TNSPECTION.

ASHFMRELY / TRSTALLATEON _ .
BEARING LUBRICATION AND SEAL, INSTALLATION VERIFIED BY INSPECTION. ALL
MACHINED FARTS ARE DEEURRED VERIFIED BY INSEECTION. INSTALTATION
FRACEDURE VERTFIED BY INAPECTICN. DCAS MANDATCRY INSPECTION BOINTS
(MLP3) IMFOSED ON MANUFACTURING, INSTALLATION, AND ASSEMBLY OF ACTUATORS.
ASSEMBLY CF POWER DRIVE UNIT (PDU) PER CPS €91é VYERIFIED BY INSPECTION.

CRITTCAT, FROCESSES
ENCAPSULATION OF MOTOR WINDINGS IS VERLFIED BY INSPECTION.

TESTING
ATP OF FOU FER CP5 G324 VERIFIED RY INSPECTION.

HANDLING /PAMTALTRG
HARDLING AND PACEAGING REQUIREMENTS VERIFIED BY INSFECTION.
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SHUTTIE CRITICAL ITEMS LIST - URBITER
SUBSYSTEM ACTUATION MECH-PBD ™MEL HO 02=-4B 202 -1 REV:03/08/68
{0) FATITFE EHLSTORY

CAR Ho, ASS563 @ DURING OME MOTOR CPERARTIDHY ACCEPTANCE TESTING, THE
DIFFERENTIAL LOCEKER UF AND THEEE WAS NGO OUTPFUT FROM THE ACTUAIOR: FALLURE
CAUSEDN BY ONE OF FUUR SPUR SEAR BUSHINGA IN THE DIPPERENTIAL ASSEMELY
WEICH HAD SEIZED ON IT2 INNER RACE {PIN) AND TRE INNER RACE (PIN) SEIZED
IN THE CARRIER DUE ™0 PRICKING-UF" BRONZE #ROM TEE BUSHING; ALUMINUN
ERONZZ BRUSEINGS IN THE SPUR GEAR/DISHING SUR-ASSEMBELIES WERE REFLACED.

AR MO, ABS393 : SYSTEM "EW MOTOR IN PAYLOAD BAY DOOR DRIVE ACTUATOR
WOULD NOT OFERATE DURTHG LIFE CYCLE TEST OF FORWARD PAYLOAD PBAY DUOR TEST
ARTICIA; FAILURE CAUSED MY A LOOSE SET 4cReW (WEICE WAS WQT REMCOVED ATTER
ERTLLING AND PINNING THY ELOCK) WHICH JTAMMED BETWEEN THEE ROTOR ANMD THE
HoOsSIMG: THE ACTUATOR MOT™R SUPDLIER CHANGED ASSEMBLY DRAWINGS, MANU-
FACTURING PROCEDURES, AND INSYEGCTION PROCERURES TC REQUIRE VERIFICATION
OF REMOVAL OF THE SET SCEEW AFTER DRILLING AND PINNING BLOCK TO SHAPT.

CAR NO. ACSZ12 : DURING ACCEFTANCE FONCTIONAL TEST OF PAYTOAD BAY DOUR
DRIVE ACTUATCR, ONE OF THE TWC MOTORS BZcAME LOCEED TP AND WOULD NOT RUM;
cATSE oF TEE LOCKED-UD MOUTOR WAS FATIDRE OF TEE BRAEY TO EELEASE WHEN THE
MOTOR ENERGIZED [BRAKE FAILURE JAUSER BY MELTED POTTING MATERIAL FROM THE
PRAKE COILS CONTACTTNG THE ERAKE DLSC) 7 PROPER COWTROLE ESTABLISHED FOR

MIXING AND CURING OF BRAFE COIL EFOXY QOMPCUND AT THE JUPPLIER. '

{E] OPERATIONAL USE : ’
FOLIOWING SECDOND PATIDRE, EVA WORKAROUMD IS POSSIBLE TO CLOSE DQOR.
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